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RECENT DEVELOPMENTS AT LOS ALAhOS FOR THE
MEASUREMEF?TOF ALPHA CONTAMINATED WASTE

ABSTRACT

A Comprehensive program is currently in progress at.
the Los Alamos Scientific Laboratory dedicated to the
development of sensitive, practical nondestructive assay
techniques for the quantification of low level transuran-
ics in bulk solid wastes. This program encompasses a
broad range of nuclear and non-nuclear techniques includ-
ing sophisticated passive gamma-ray and passive neutron
detection systems, isotoFic neutron source based active
interrogation systems, pulsed portable neutron generator
active interrogation systems, elec~ron accelerator based
techniques and laser spectroscopy techniques. The mix of
techniques ranges in devclopent maturity from the well
established (MEGAS,Shuffler, Passive 4 m neutron
:ounters) through the p:cmf-of-principle stage (pulsed
neutron generator techniques) to the under investigat,icn
stage (electron linac and laser spectroscopy techniques).
The program is intended to provide technical sslutions
for waste management problems of today as well as of
tomorrow. We are concentrating on specifj.cmeasurement
problems associated with d~fferent waste matriceu and ar~
developing matrix compensation methods to improve the
accuracy of waste screening and assay measurements.

!3~ecificdetection systems have been designed to
operate in the high level beta-gamma backgrounds associa-
ted with some commercial reactor wastes. The technique
being developed can be used with either low level or high
level beta-gamma wastes in either low density or higl)
density matrices. Engineering criteria provjded by wa};te
generating facilities Lre an important feature in our
deuign efforts.

.— ——

1. IMRODUCTION

A vital part of any mmprehen~ive radioactiv~ wante program
i!!the ability to determine the types and quant.ties of rad~o-
activity present. Without this ability, it io impossib:? to
direct a cost-effective and timely waste management prmqram in
any phase of the nuclear indusL~y. A88ay or verification capa-
bility also provi6eG quality aacurance for operating health and
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safety aspects of the facil+Cy invol-~ed. The Los Alamos Scien-
tific Laboratory (LASL) is developing nondestructive assay (NDA)
techniques for the analysis of transuranic (TRU) isotopes found
in bulk solid wastts generated in U.S. governmental and commer-
cial nuclear industries. Some of the equipment and techniques
u ler development have application to non-TRU wastes as well.
Al. techniques are being developed so as to be useable with high
beta-gamma TR,Uwastes as well a6 with “quiet” wastes.

The program at LASL can be divided naturally into three
broad categories:

Category 1.
Tileengineering develo~,ent of established TRU
mcasuri.i~gtechniques, specialized to meet specific
WdStC management needs according tc sensitivity
and waste package characteristics.

Category II.
The dcve~opment of new and potentially more sensi-
tive and/or useful TRU measuring techniques that
have reached a proof of principal level.

.~tegory IIT.
The investigation of novel measurement techniques
that have the potential of characterjzinq TRU
waste accurately and sensitively according to each
isotop~ present, for w5ich the proof of principal
measurements do not ,vetexist.

The ~JKL program thus features technique and equipment dc-
velopnent spanning a large range of development maturity. In
Category I, we place such cptabl.ichcdtechnique as the Multi-

‘]~ (MEGAS),which is based on collj-Energy Gmma Assay System
mated pass~”:egmna scanning of waste packfiaes. This system is
illtend,lfor assay/ccreenlng at the 10 nCi/g level.of’low density
waste packages. A number of these systems are in use for part]c-
ui.arwa~te aosay application= at LASL and other laborat~riec.
Significant impro’:cme’t5 12-41 in this system have bee!)made

rcccntly’.

AnothcK technique falling in Cateqoty I is the “252Cf
Shufflur,“ ‘5] Tl,istechnique has been used for various pur-
poses in the nuclear industry nd a system js now under engi-
neering development at IJKL, ‘6$designed spccific~lly for
asaay/ucreenir,gof tiighdensity 200-liter waste packageu at the
10 nCi/y level. The t~chnique is based on cyclical neutron
irradiation of waste barrels with a 252Cf source, which can be
stored in e highly shielded location during the subsequent
itiu~ed-fie.nia-delayed-neutroncounting pertjon of the cycle,
Thiu rneantirementd~rectly dutcrm~nec fisslln content. The
dolayeclneutron detection system can also be useclfor passive
mutron coiricidcncecounting of 200-l~ter wast,cbarrels, which
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quantifies the ~pontaneou8 fissicm emitters in the waste. The
shuffler system is capable of TRU analysis even in the presence
of very high beta-garmnalevelsf‘6] such as from mmmercial
reactor wastes.

We are currently developing a third Category I system.
This system will perform a highly sensitive 4 T solid angle
paasive neutron count of very large TRU waste packages having
external dimensions of 1.2 m x 1.2 m x 2.1 m. This system is
based on a flexible, modular detector design allowing for the
easy construction of Even larger (or smaller) 4 n solid angle
counting systems using the same detector modules. This system
is intended for the assay/screening at the 20 nCi/g level of
large bulk wustc storage containers (“crates”)commonly used in
the U.S. and far the assay/screening of aggregates of smaller
containers such as the “6 pack” of 200-liter barrels also in
cormnonuse in the U.S.

A very promising Category II system under development i:
cal.ed the Differential Dieaway Technique (DDT) and is based on
pulsed netitroninterrogation. A prototype 200-liter waste
barrel assay system is currently in use with a portable
100-pulse per second (pps) 14-MeV neutron generator as the
interrogating source. V:Zy big},Sensitivity for 235U, 239PUI
and 24]Pu in bulk wastes is obtained by counting the induced
prompt fission neutrons after each pulse. Th~s system is in-
tended for use on low level TRU \l-10 nCj/g or less) bulk waste
assay/screening problem~.

Our Category III techniques are currently all associated
with our linear electron accelerator based program. his work
is covered in some detail in an accompanying paper.[7T In this
prog.~m a variety of techniques ia being investigated in the hope
of achjevin$ specific nwl.ti-isotopeassay capability. Prompt
photofission coincidence neutron counting, photo- and neutron-
itiuced fi~sion delayed neutron munting, and energy differential
photofiss~on yield tect,niquesare among those being pursuc(i. In
addition, a r~vel technique based on isotope specific fis~ion
product noble gas acsay using the la~er based resonance ioniza-
tion apectrsscopy (RIS) technique is under investigation,[*~gl
In this approach Ep@cjfic TRU isot.apeowould be identified and
quantifit~ based on differential yields of cpectfic noble gac
(Xe and Kr isotopes) fission products.

2. WASTE MATRIX STUDIES

All tha specific techl:iqucsdiscutmcd in Secticm I can
yield reasonably accurate TRU assay values. Howcv_r, u1l the
techniques can also be subject to acrioun mea~uran,enterrors in
unfavorabl~ waste matrices. A considerable per+.ionof o:lrcle.-
velopnent efforts go into waste matrix compensation st’~dieal
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that is, to the development of methcds for compensating in the
data analysis for errors produced by the presence of the non-TRU
mate!ials in bulk wastes.

in our passive x-ray and gannnacounting systems, the prin-
Cipillsnurces of matrix generated asllayerrors are gross gmrana-
ray s?~~tering and/or attenuation and, for some high TRU wastes,
self-atte~uction. For mast practical screening/ low precision
assay applicaticms, matrix effects are afiequatelytaken into
account with calibrations based an standards placed in typical
matrix geome’:ries. A mcwe sophisticated compensation is based
on an adjunct external.qamma source transmission measurement of
the waste container from which an average ganrna-rayattenuation
factor may be deriv,’d. In any event, the accuracy of passive
qamna-ray ~U~tii~g is generally quite good for low density
wastes (density < 0.2 g/cm3), but is ~r for higher density
wastes.

In high density TRU waste assay systems involving neutron
counting, the Frincip&l matrix asscjciatederrors are caused by
hydrogen scattering/attenuationand thermal,neutron absorption.
A weil designed counter ‘an achieve a considerable degree of
intrinsic matrix compensation. For example, 3He pro~rtjonal

counters with about 2.5 cm of polyethylene moderator in front
and > 2.5 cm of polyethylen~ in back exhibit essential flatness
of r=sponse for matrix hydrogen densities ranging from zero to
the equivalent of about 3-cm thickness of water moderator.

Another matrix hydrogen den?ity compensation technique uses
the so-called “rlrg-rdtio” or “slab-ratio” method. Here the
det=tor is conb.:ucted so as to pvovide neutron Sp~Ctrdl infor-
mation. This spectral information ~-anthen be interpreted in
terms of equi”’dlcn!hydrogen density in the waste matrix and
appropriat~ corrections can be made ir.the assay analysis.

Tn the pulsed active neutron techniques we have been able
to achieve matrix compensation using thermal neutron interroga-
tion cavity flux monitors. Interrogating fiux reductions or
!ncrea.sesproduced by matrix ce)~stituentsare measured by the
f~ux monitor. In addition, WP have been able to measure inter-
rogaticm cavity thermal neutron lifetimes with this system and
Fjavefound a strong correlation between average neutron lifetime
and the amount of neutron absorbing materials in th? matrix. We
are currently evaluating this techn~que for routirieuse. Another
approach unaer inveatigaticm uses the measureme]ltof matrix
capture gamma-ray spectra to determine matrix Comps:tinn. This
measurement ifidone simultaneously w;th the induced fis~ion
neutron measurement,



3. CATEGORY I TECHNIQUES

3.1. Improvements in the MSGAS system

The basic cperation of the original MEGAS system is de-
scribed in Ref. [11. Recently, the original MEGAS has been con-
siderably upgraded (MEGAS II).[2-41 The original NaI detector
has been replaced with a 127-mm diameter x 1.6-nunthick NaI
crystal, which optimizes TRU detection capability using L x-rays
and ganunarays of less then 100 keV. The thinner crystal also
results in a decre~~sedCompton scattered background. With this
detectm, the detection limit at the 3U level above background
for 241Am is less tinan5 pCi/g for a 500-s count for approxi-
mately 6 kg of low density wastes in a 57-liter carton.

The presence of beta- and gamma-ray emitting fission pro-
ducts severely decreases the achievable TRU detection limit for
even thin NaI detectors. However, the recent addition‘3J4~of
a high resolution hyperpure planar germanjum detector, looo-mmz
active area, 12 mm t;~ickallows us to assay TRU isotopes even in
the presence of considerable extraneous qanma and x-ray back-
groutis.

A tab!~lationof measured detection limits for the hyperpure
germmium drtector over a wide range of photon energjes is pre-
sented in Rei. [31. Using these data, we estimate that TRU
assay at the 10 nCi/g level can still be made even in the
presence of 400 pCi of 137CS (65 nCi 137Cs\q).

We have also adcleclfour banks of polyethylene moderated
3He neutron detectors to MEGAS 11. The measured detectability
limit fur this neutrc:,detection system is 10 mg of typical
reactor graCe plutonium oxide. This detection limit applies for
.3net signal 3 u above back round for a 1000-s run time using
the total neutron count. ![2, 1 BeCau~e 3He detectors ~~~ r~l~-
tivcly insenairive to photons, this part of the system can detect
TRU-related neutrons in a container ever)in the presence of high
fission product backgrounds (1-10 R/h),

MEGAS II ope[~tes in a segmented scanning mode, which
allows one to locate hot spots within waste packages. This
information is useful in determir!ingwhether individual waste
containers should be repackaged or material recovered.

3.2. The 252Cf Shuffler system

The 252Cf Snuffler system combinec ~ctive and passive neu-
tron assay techn~ques to measure plutonium contaminated waste and
is described in detail in Refs. [51 and 16]. ‘I’hekey features
of the technique include an assay chamber large enough to accom-
modate a standard 200-liter barrel surrounded by 31iefilled
proportional (Iasdetectors for efficient neutron counting ana
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a Z-mg Zszcf neutron source that can be used to interrogate
the waste or can be stored in a shielded position, which is
decoupl~ from the assay chamber.

A typical 1000-s assay begins with a passive neutron
measurement with the source in the storage position. The
passive count measures the total neutron emission rate and the
coincidence rate EMiSing fKOM b~ iItLWit20US flSSiOn Of the even
plutonium isotopes. The detectability limit for total neutron
passive counting for 200-liter barrels of high density TRU
ranges from 0.3-30 nCi/g depending on the matrix chemical
composition.[lO1 The coincidence technique, which provides
an accurate assay independent cf matrix che~~cdl compositioil,
displays a detection limit of shut 10 nCi/g if no lead shielding
is required. The same detection limit is obtained e’~enwith lead
in place if adequate cosmic-ray shielding is provided.[lO1

The active portion of the assay is.cyclical with repeated
neutron irradiation and delayed neuti-oncounting. One active
cycle consists of a 16-s nsutror?interrogation and an 8-s delayed
neutron count with the sourr~ withdrawn. The source transfer of
about 1.8 m requires 0.5 s in either direction for a total cycle
time of 25 s. A maxiinumof 30 cycles is used in the active
portion of the ac~ay.

In order to permit the active techr.iqueto be used for
high-level, beta-garrunacontar,inatedwaste, a 15-cm-thick lead
shield is placed between the barrel and n[!utrondetectors. The
shield permits operation in gamma radiaticm fields as high as
1000 R/h. With a nominal l-m thick concrete cosmic-ray shield,
the calculated 3 u detectability limit with lead in place and
assuming the use of a 2 mg 252Cf interrogating source is 4.2 mg
plutonium (4.6 nCi/g for a barrel with a 100-kg total mass con-
taining 20% plutonium grade TRU). Combining the coincidence and
integral pdssive counting data with the active assay results
yields the fertile and fissile plutonium ~)mponents as weil as
the probable average chemical composition.

3.3. A high efficiency passive neutron munting system for very
large transuranic waste packages

In the United States a very common TRU waste storage and
transport package is a wooden box (called a “crate”) having
external dimensions of 1.2 m x 1.2 m x 2.1 m. The large physical
size of such packages has in the past presen+.edgreat difficul-
ties for ‘RU assay and\o’ screening measurement systems. in

addition, it is common practice at many faciljtiefiproducing TRU
waste to band together six of the common 200-liter waste barrels
into a large “six pack” ptickagefor convenience in transportation
end/or storage. The external dimensions @f these waste packages
are typically 1.2 m x 1.0 m x 1.9 m, which are again very diffi-
cult to assay or Screorlfar TRU activity with currentiy existing
equlpnent.
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We have embarked on a detector development program aimed
apecificially at this very large waste package assay/screening
problem. The approach we are pursuing is a 41T solid angle
passive neutron counting system sufficient in size to accomm-
date either of the conmon large waste packages mentioned above.
Because facilities generate even larger packages, we have
pursued a modular approach in the detector design so that a
larger (or smaller) 4v detection system may easily be built
using tilesame modules. In fact, in the recent past we have
IJilt similar 41T neutron munting systems of dimensions up to

2“4 m x 31!ii”
x 6.1 m, intended for use as vehicle portal

monitors.

The
5
rincipal isotope producing neutrons i:,common TRU

waste ic 40Pu, although, depending on the chemical form, all
dipha-emitting isotopes in the waste contribute to the neutron
output of the package. In our system tw~ types of passive
neutron measurements are carried out simultaneously: total
neutron output and coincider,ceneutron rate. The latter is a
direct measure of the spontarleousfission rate of all fissioning
materials in the waste package, whereas the former depends, in
addition, on all alpha-emittingmaterial in the package and on
the chemical form of the wc~ste.

In typical light wate!:reactor fuel waste (assumingCm
isotope removal), the total neutron source for TRU waste in the
oxide form is about 300 n\~;per gram of included TRU. This will
increase by about lCJ%in five years with the grow-in of 241Am.
The inclusion of certain lcw atomic number materials, such as
Be, B, Li, F, etc., will also iead to an increased source term.
The spontaneous fission neutron source for this waste is on the
order of 200 n/s per gram of included TRU, which corresponds to
about 1170 spontaneous fissions per seccnd per gram of included
TRU.

The basic module in our system is a rectangular cross sec-
tion (2.1 m x 1.2 m) polyethylene (CH2) box in which are placed

3He propxtionalseveral 1.a2 m x 0.05 m x 2 atm fill pressure
counters, We have found thnt this “neutron chamber” approach
makes very effective use of 3He prowrational counters as
compared to the usual practice of imbedding proportional
counters in a solid CH2 matrix and also results in reasonably
portable modules. Our measured intrinsic neutron detection
efficiency for this module for a bare 252Cf spontaneous

fission source is 168 when six 1.82 m x 0.05 m x 2 atm ‘He
proportional counters are placed with equidistance spacings
within the Cli2reutron chamber. The same mdule displ~ys a
15% intrinsic detection efficiency for a 252Cf source moderated
by 3 cm of CH2.

Optimization studies have revealed that improved per-
formmce per 3He cu’miteris okkained with a two-chambered
module. For instance, a module con~tructed of 1.2-cm thick
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CH2 with a 2.5-cm thick CH2 dividing wall displays an intrin-
sic 252Cf spectrum neutron efficiency of 20% with the six 3He
counters divided between the two chambers. An added feature of
this arrangement is that the count rate ratio between the two
chambers is spectrally sensitive and may be used to correct for
waste matrix generated efficiency mcdificaticms.

As pointed out in Ref. [111, a large increase in detection
sensitivity in 4 T neutron counters is obtained by shielding out
cosmic ray gerieratedbackgrounds. We propose ta~ing advantage
of this fact by providing an economic compacted dirt shield for
our system. The housing for such an economic system can be made
from prefabricated 3-m diameter (or larger) concrete drainage
culvert pipingl which are typically rated for > 5-m compacted
dirt overburden. Sucl?a 5-m dirt shield, easiiy implemented
at waste burial or storage grounds, would result in a factor
of Q improvement in detection sensitivity as compared to the
unshielded case. The cosmic-ray shielding factor for this
system is about 100.

The current version of our very large package crmnting
system has a 4 T intrinsic detection efficiency of 15-20%,
dependi~g on the modules used. We plan to use eight of the
modules discussed earlier, routing separate inputs to a micro-
processor. Our cal.c’llatedsystem minimum detection sensitivity
for a typical TRU isotopic mix resulting from light water
reactor generated waste is about 10 mg of included TRU. This
assumes extensive cosmic ray shielding, a 1000-s count time,
and is based on obtaining a net coincidence count 3U above
background. The 10-mg sensitivity applies to TRW located any-
where within a 1.2 m x 1.2 m x 2.1 m waste package.

4. CATEGORY II TEC1iNIQUE--Al-nCi/g SENSITIVITY TRANSURANIC
WASTE ASSAY SYSTEN USING PULSED NEUTRON INTERROGATION--THE
DIFFERENTIAL DIEAFAY TECtfNIQUE

Over the past several months we have developed a sensitive
low-level sransuranicwaste assay system designetipr!.marilyfor
the rapid screening or assay of high density wasteG conta~ned in
200-liter stel?lbarrels.[12r131 Our system is based on the
principle of puised thermalized neutron interrogation with detec-
tion of induced fission prompt neutrons. This approach leads to
greatly enhance6 sensitivity as compared to techniques using the
detection of delayed neutrons. In the case of 239Pu neutron
fission, for example, the ratio of prompt fifisionneutrons to
delayed fission neutrons is about 500.

Our prototype agsay system has a square cross section ascay
chamber, which is 75 cm on a side, 95-cm high~ lin~d with a ic ~m
thick layet of graphite, antieasily accommodates a standard
200-liter barrel. (A schematic drawing of this system is shown
in Fig. 1.) Behind the graph{te is a 15-cm thick layer of poly-

I
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ethylene placed for internal neutron reflection and external
personnel shieldlng. Our neutron source is a portable, light-
weight (lO-cHI o.d., x 30-cM long x 10 kg), D+T pulsed neutron
generator (100 PPS, 10US pulse width, 1 x 106 n/pulse). The
neutron generator is positioned within the interrogation cavity.
A pulse of 14-MeV neutrons is rapidly moderated and thermalized
within the graphite and polyethylene. Following thermalization,
Ileutrons diffuse froin the graphite into the chamber, interroga-
ting the waste barrel over an effectively stretched out time
psricd of several milliseconds. (The abserved interrogation
chamber neutron time history is shown as Curve b in Fig. 2.) We
observe a thermal neutron dieaway time of 1.3 ms for the empty
cavity and 0.76 ms when a 200-liter barrel filleti with 200 kg of
sand and vermiculite is placed within the cavity.

To detect the induced prompt fission neutrons, we place
moderated 3He proportional counters between the graphite and
polyethylene layers. These operate functionally as fast neutron
detectors, having a minimal amount of moderator around them
(about l-cm average thickness) and are heavily shielded from any
incident thermal neutrons with layers of boral and cadmium.
This combination results in a rapid recovery from the initial
pulse overlosd--no neut:ons from the initial 14-MeV pulse are
detected aftex a 0.5-ms time period. (The neutron time history
for this detector is shown in Fig. 2, Curve a.) However, if z
tht=rmal neutron induced fissior. occurs within the interrogation
cavity after 0.5 msf the ensuing prompt fissiori neutrons propa-
gate to the fast neucman detector and may be recortied. Thus,
effectively? our “external” fast neutron detector is decollpled
from the interrogating thermal neutron flux (after 0.5 ms) but
is sensitive to the prompt fast neutrons accompanying an ir.duced
fission reaction.

We have ar. additional bare low 3He fill pressure internal
flux monitor detector located within the assay chamber. This
detector allows us to compensate in the assay analysis for any
pulse..to-pulsevariation in the neutron generator output and for
interrogating flux perturbations produced by the bdrrel or its

contents.

We have ~rform~ extensive tests usinq N 200-liter barrel
filled with 200 kg of sand and vermiculite to simulate a typical
high density waste matrix. Aluminum tubes were placed in the
barrel at itE center, mid-radius, and near its outer periphery
to facilitate placement of teat samples throughout the volume of
the barrel. Our external fast neutron detection system conGists
of three, 90 cm x 5 cm x 2 atm, moderated 3He proportional
counters. With this simple system we routinely detect 3-mg
235u samples at the 3 0 above background level in aOOO-Pulse

runs with the 235U sample placed at the center of th~ barrel
full of sand. (Yield data as a function of 235U mass arc shown
in Fig. 3. These data were taken with lm 235U enrichment
uranium samples.) This ia 80 seconds of elapsed time with the
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r.eutron generator operating nt its nominal 100-pps rate. As can
be seen in Fig. 3, we observe a linear assay response for our
system. We also have observed with the 20C-l””er barrel of sand
in the cavity a reasonably flat (~ 10$) inteliogation flux
profile within the barrel.

Because our system is 1.5 times more eensitive to 239Pu
than to 235U, the 00-s interrogation, 3CI detection limit for
239Pu is 2 mg for the prototype system in its present configura-
tion. Two milligrams of plutonium in a 200-liter barrel filled
with 200 kg of sand is about 0.8 nCi/g matrix. Thus, we have
demonstrated with a very simple and relatively inexpensive
syctem (neutron generator with all associated hardware costs
less than $25k) a sub-l nCi/g detection sensitivity capability
for 200-liter barrels containing high matrix density TRU waste.

Recently we demonstrated that the DDT system could be used
with Be(y,n) neutrons prfiuced by pulsed low energy electron
bremsstrahlung incident on a portion of the graphite cavity wall
that had been replaced with Be. The EG&G/Santa Barbara electron
linac was used for this purpose and both 6- and 8-MeV bremsstrah
lung were used succer,sfully. In fact, the interrogating neutron
flux produced by a single 15 mA, 4ps duration electron burst
(typically used for these measurements) is some 3-5 times more
intense than that produced by a single burst from the pulst? D+T
generator described earlier.

In all respects the fissile assay done with the DDT system
using a pulsed Be(y,n) interrogating source was identical to
that obtained with the D+T neutron q?nerator. As part of the
Be(Y,i,)interrogating source measurements, we did sy~tematic
fissile assay measurements with a set of PU02 samples ranging
in Pu mass from 1 to 1000 mg. These were successively placed at
the center of a 200-liter barrel inside the DDT interrogating
cavity, with measurements made for four different sets of typical
matrix materials filling the 200-liter barrel. The “typical”
matrices inclucledhigh density (>0.8 g/cm3) barrel fillings of
a) ~and and vermiculite, b) aluminum scrap, c) alulsinumscrap
and polyethylene, and d) aluminum scrap, polyethylene, and
berated glass beads,

We founti that to an accuracy of abcut ~ 20% we obtainec a
matrix independent assay for all four matrices, and, in addi-
tion, for samples placed within the empty cavity. For these
measurements the internal 3He flux monitor was used to normal-
ize to a constant number of effective interrogating neutrons.
This matrix independence is remarkable considering the perturba-
tion of the interrogating flux by the matrix. We measured inde-
pendently the number of Be(y,n) neutrons produced for each
measurement and, based on these data, found that for matrices
a), b), and c)I the effective interrogating flux was reduced by
a factor of two compared to the empty cavity case and for matrix
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d) was reduced by a fact(.rof four. However, by the simple use
of the internal flux monitor all these measurements yielded the
same value on a normalized imsis.

For a 200-s linac interrogation run our 3
ranged from 0.4 to 0.7 mg Pu, dspending on ●he
barrel. This corresponds to a detection limit
for all the matrices tested. Figure 4 shows z
this data.

u detection limits
matrix in the
well under 1 nCi/g
typical set of

Thus, we have demonstrated that the DDT system can be used
successfully with either 2 pulsed D+T neutron generator sou~ce
or with a low energy electror!bremsstrahlung Be(y,n) source.
The former (small.pulsed D+T snurce) is available from cn%,er-
cial supplierrzat an estimated cost of $25k and the latter
(medical or industrial x-ray linac) is aiso available
commercially at an estimated cost of $300k.
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6. FIGURE CAPTIONS

Fig. 2.

Fig. 2.

Fig. 3.

Fig, 4,

Schematic drawi~g of the prototype Differential Dieaway
Technique Interrogation Cavity and Detection System.
The current version of this system has external neutron
detectors located on all four vertical walls and four
independent flux monitors ~sitioned in the interroga-
tion cavity.

Pulsed neutron time history data fo: (a) external
detection system and (b) interrogatiorrcavit~. This
shows results obtained with a 200-liter barrel of sane
in the interrogation cavity and no fiasile material
present, Introduction of fissile material results in an
additional component i; curve {a) having l’1/2- 0.76 n!s
and att.rihtable to prompt fission ne~!krons.

Experimental respo~se c~itainedwith the prototype
system shown in Fig 1. for 8000 interrogating pulses
(80 s) from a 14 MeV neutron generator having a nominal
1 x 106 neutxons per pulse output. Lo’.enrichment
235U samples were placed at the center of a 200-liter
barrel filled with sand for these measurements. The
observed 3 u detection limit is 3 mg of 235U,

Experimental response cbtained in a series of 200-s
runs with the Differential Dieaway Technique system
(Fig. 1.) using pulsed Be(y,n) neutrcns as the inter-
rogating source. Data shown are for 20,000 electron
lj,lacpulses with about 4 x 106 Be(y,n) neutrons pro-
tiucet’ per pulse. Run total interrc;ating flux is about
ten Limes that for the data shown in Fig, “+. Samples
of PU02 were placed at the center of a 200-liter
barrel of sand, The observed 3 0 (’lctectiorilimit IS
0.4 mq PU(-002 nCi/g).
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Fig. 1. Schemtic drawing of t~ proLotype Differential
Uieawzy Technique Interr~ation Cavity and Detecti~n
System. T& c!!rrentversicm of this system has
external neuti-on6et~tors located on all four
vertical wlls and follri~ependent flux monitors
~sition< in the interrogation cavity.
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Fig, 2, Pulsed neutron time history data for (a) external
detection system and (b) interrogation cavity.
This shows results obtained with a 200-liter
barr’1 of sand in the interrogation cavity and
no fisrile material present, Introduction of
fias~le nlsterial LWBULLJ ill an additiona~
component, jn curve (a) having T1/2 *0.76 ms
and at:r!.b~ table to prompt firsion neutrons.



1-
ld
z

100-

1 I 1 1 1 i

40 50 60 70 80 90
2Mu MASS, m9

Fig. 3. Experimental respnse obtained with tk,e protctype system shcnm in
Fig 1. for 8000 interrogating ~lses (80 s) from a 14 HeV neutron
generator bving a mminal I x 106 wucrons ~r pJIse output.
Lcu em i’~ment 235U samples wre placed at the cent~r of a
200-liter barrel filled with sand for these measurements. The
observed 30 det-ti~, limit is 3 mg cf 23SU.
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Fig, 4, Expeti.,lental response obtained in a tories of 200-8
runs w~th the Differential Dieaway Technique system
(Fig, It) using pulsed Be(Y,n) neutrons as the inter-
rogating source. Data show! aie ior 20,000 ●lectron
linac pulses with about 4 x 106 Be(y,n) fieutrons pro-
duced per pulse. Run total interrogating flux is-about
ten times that for the clata shown in Fig. 3, Samples
of PU02 were placed at the center of a 200-liter
barrel of sand, The ob8erved 3U detection limit in
0.4 mg PU(*002 riCi!g).


